of Energy's Petroleum Inspector, a former Deputy Superintendent of Diving in the Royal Navy, who is known and respected throughout the diving industry. Health standards for diving have been prescribed by CIRIA. Contributions to diving technology are made by the Society of Underwater Technologists, the Underwater Engineering Group and the Institute of Offshore Engineering at Heriot-Watt University, Edinburgh.
There are medical inputs from Universities such as Aberdeen, Dundee, Edinburgh and Newcastle upon Tyne, from the Medical Research Council's Decompression Sickness Panel, the North Sea Medical Centre and the Royal Navy. The Department of Health and Social Security are concerned with the provisions of a health service for all aspects of the offshore oil operations, and the Diving Medical Advisory Committee of the Association of Offshore Diving Contractors is endeavouring to coordinate medical support from these and other sources for the divers. I hasten to add that this list is not exhaustive. There are many bodies involved, in particular the Medical Committee of the powerful UK Offshore Operators Association.
Diving is by no means the only area of medical concern in offshore medicine. There is a whole new industry and it brings in its wake the entire gamut of problems associated with industrial and occupational medicine. Thus the oil rigs provide many of the elements of an industrial medicine practice, welding fumes, eye injuries, crush injuries and so on and these are complicated by the distance, which may be 200 miles or more, from shore-based medical facilities. The rigs themselves and the helicopter transport introduce problems of air-sea rescue and survival medicine. Ashore there are the community medicine problems which result from an uprooted and concentrated influx of population whose menfolk are away for long periods and earn high wagesa situation (apart from the wages aspect) which is very familiar to Naval doctors.
When a diving accident occurs, first aid may have to be provided initially by the diver's companions and if the patient is under pressure in a saturation mode, an advanced level of resuscitative and stabilization techniques may be required. Hence there is a need for special training of divers in advanced first aid techniques and the scope of such training is currently under discussion. On the rigs the rig 'Medic' performs the office of a Medical Assistant in a naval frigate. He deals with day-to-day casualties and must be able to communicate effectively with the shorebased medical support. This requires the development of communication and documentation techniques which pay due regard to the fact that communication by telex is often more effective than the radiotelephone in bad weather conditions. Facilities are required for the training of rig 'Medics', many of whom have already demonstrated outstanding professional competence. Last but by no means least there is a requirement for medical and physiological research into the problems of diving and survival and special aspects of occupational medicine.
At present, the maximum depth at which work is carried out is of the order of 200 metres. In order to exploit the oil deposits off the Western Isles of Scotland it will be necessary to work at 300-400 metres. I foresee an on-going task in all aspects of offshore medicine for many years to come.
Surgeon Captain E E P Barnard

(Ministry ofDefence, London)
The Scope of Offshore Medicine In considering the scope of offshore medicine, due to the particular involvement of divers who alone in the offshore industry visit the sea-bed, one needs to consider what divers are doing, how they came to be there and their relationships with other offshore workers.
A convenient starting point is to consider the state of the art of diving in the early 1960s. The majority of commercial diving was then being carried out at shallow depths in docks and harbours using equipment almost unaltered since the mid-nineteenth century. The major hazards in diving were becoming foul, due to tangling the life-line and air-pipe upon some underwater obstruction, and blowing-up, which meant losing control and arriving at the surface more suddenly than expected with a rigidly inflated suit and possibly with damage to the lungs. Decompression sickness was unusual; the best estimate of its incidence in professional divers was that it occurred in less than I % of dives. By comparison the incidence of decompression sickness in tunnel workers was about 2 % of man-shifts.
The area which was then of greatest interest was that of experimental oxy-helium diving at depths in excess of 100 metres (c. 300 ft) and for times of about 1 hour. Such diving as had been done within this range produced an incidence of decompression sickness of 30-100%.
During the early 1960s considerable efforts were made to produce diving schedules to allow safe decompression from deep dives, particularly in France, Switzerland, the United States and Britain. In 1965 Royal Navy divers carried out a series culminating in dives to 600 ft (200 m) of 30-60 minutes' duration from HMS Reclaim off the South of France. The incidence of decompression sickness at sea, in schedules previously tested in pressure chambers, was 300%. The method pioneered by the Navy to take the divers to their work was a submersible chamber capable of being shut off at pressure, lifted and locked on to a chamber installed in the ship and therefore allowing most of the decompression to be carried out on board instead of at depth in the water. This method of transfer under pressure is now in common use and is a logical extension of the use of the diving bell. In developing this method of diving new equipment, in particular new breathing apparatus, had to be designed and tested by the Admiralty Experimental Diving Unit, since there was little commercially available equipment for such gas mixtures or for such depths.
Ten years ago, therefore, as a result of some three years' research the Royal Navy had considerable practical experience of the problems of diving to 200 metres and had developed techniques and tested decompression schedules; these were scarcely needed in the North Sea, since there was no requirement at that time to dive so deeply. Most of the North Sea is less than 100 metres in depth and the early development of drilling-rigs was in this relatively shallow area where diving using air as the breathing medium is possible, even if it is not ideal. Diving tables for air decompression were relatively better known and more reliable than tables for helium mixtures; moreover, since the North Sea is a cold sea, physical factors were of considerable importance in this new area of diving. For example, the heat transfer properties of helium mixtures are such that divers can become hypothermic unless the breathing gas is heated; in this situation air is not only cheaper, but warmer to breathe. There is no doubt that it was possible, by analogy, to calculate oxy-helium tables for shallower depths but it would have been irresponsible to use such tables until they had been tested.
In summary, therefore, in 1966 what was needed were better tables, better breathing equipment, a method of diver heating and above all a more modern ship from which to carry out the necessary research and development.
It is difficult now to say how, in 1966, we saw the future; the following summary is thought however to be representative of our views. The development of offshore resources would require divers principally to act as underwater workmen, to assess faults, to repair machinery, to place and move equipment. So long as depths did not exceed 100 metres, although dangerous, this diving would be within the limits of current techniques. As prospecting moved northwards to depths of 200 metres and more it was obvious that dives would have to be made at depths which had hitherto been experimental and for which the risks would be greater.
'Saturation' Diving
At this point we should consider an aspect of diving which has led to a complete change in the method of work, namely the fact that the length of a diving schedule, the careful decompression back towards the surface, is related to the amount of gas taken up by the tissues of the body. A schedule is therefore made longer by exposure at greater depths or by longer stay at maximum depth. This latter relationship, however, is not linear, since gas uptake is exponential and after some hours the body is in a steady state. The practical consequence of this is that for any given depth there is a decompression schedule which defines a boundary condition; however long one remains at depth one will not need a longer schedule than that for the steady-state condition.
This has erroneously, but perhaps irretrievably, been called 'saturation diving'. Without considering the technicalities of this method of diving it can be said that by 1966 it was clear that the production of diving tables -was difficult, costly and time consuming. In the absence of any satisfactory model of the cause of decompression sickness each individual depth and time had to be separately tested by empirical methods. The quickest way of making progress in this field was therefore to define the longest diving schedule, since this led to fewer schedules to be tested. This became the chosen way of producing diving schedules and during the last six years French, American and British tables were developed for depths down to 300 metres or more, which enabled divers to live at pressure for weeks at a time and subsequently to decompress in safety.
Such technical advances are not without drawbacks and the consequences of living at pressure are that one is totally dependent upon a team of men who maintain the artificial environment within specified limits of temperature, humidity and gas concentration, supply food and clean clothes, but who cannot come in to help without becoming fellow prisoners and there is little chance of survival if you 'bale out'.
Although it would be an exaggeration to say that the level of technology required to keep divers at pressure was as high as that of putting astronauts on the moon, both groups of men are entirely dependent upon the reliable operation of their life-support systems and, the safeguards which engineers can build into their artificial environment. Deep diving has aptly been described as the conquest of inner space.
Occupational Risks
These remarks so far have been biased towards diver,, who represent only a small fraction of the total offshore population; this is not only because of a personal interest but because they are the group most in need of help, having one of the highest casualty rates of any occupational group (Oliver 1976) .
As mentioned above, in the reconstruction of our 1966 forecast diving was likely to become more dangerous when depths approached 200 metres, but we were then thinking of deaths and injury due to decompression sickness. What we did not foresee was that we would be so successful in preventing decompression sickness but that the casualty rate would nevertheless continue to rise. To a very large degree this is a consequence of the dependence outlined above; any mechanical failure in a hostile environment leads to crisis and in a critical situation it takes not only unusual men but unusually well trained men to survive. There may, however, be factors relating to the type of man who becomes employed as a diver.
Many divers now working in the North Sea began -their careers as seamen who, both in the Merchant Service and the Royal Navy, show a relatively high incidence of morbidity due to injury (Tomaszunas 1975 , Ellis 1969 . I am not aware of any comparative studies of the different trade groups in the offshore industry but it may be that we could take a hint from James Lind and use a particular c'ategory such as 'roustabouts' as a control group in order to see to what extent the occupational risks are split between work and play, since I am told that divers show a high incidence of leg fractures due to jumping from bedroom windows.
Medical Organization and Training
Two general aspects of offshore medicine should be mentioned, the first relating to the geographical isolation of the population at risk and the training of the medical staff needed to look after it. The National Health Service is organized upon the basis of providing services to units of population; the District General Hospitals, for example, serve a population of about 500 000 persons, providing a central hospital service to which patients are referred from general practitioners scattered throughout the population, or to which patients can be taken by the emergency services. By contrast, in the armed forces a unit or ship has a size determined by operational requirements and either has or has not some medical support. A single doctor looking after 200 men in a ship may seem to represent an inequitable distribution of the country's resources, -but 200 men without medical support are at the mercy of wind and tide, since when help is needed it may not be possible to operate helicopters or to transfer doctors from another ship. Oil rigs are in a similar situation; their number is steadily increasing and with this the population at risk.
The number of doctors to meet the needs of the industry is not large but the range of skill necessary is certain to be greater than that achieved by most of the present generation of super-specialists. A modern offshore practitioner may well find himself in the position of a pre-war single-handed country practitioner, a medical missionary or a service doctor; the life of his patient may depend solely on his individual skill, knowledge and experience, without modem equipment and without highly trained assistants. The necessary background, in emergency care, occupational medicine, environmental physiology and other necessary but nonmedical skills is one which the three Services still provide; but it is not clear where such men will come from in the future, since it is an advantage offshore to be relatively young and active, whereas future medical training is planned to lead to mature, highly experienced, but necessarily middle-aged practitioners.
Finally, to refer to a newly translated work which Marten Triewald dedicated to King Frederick of the Swedes, Goths and the Wends (and Ruler of Hesse). In his treatise 'The Art of Living Under Water' (1734) Triewald records the charter granted to himself and his diving partners in 1730, giving them sole rights around the Swedish coasts relating to salvage and rescue, from which the following quotation is taken:
'Because diving and salvage work is so useful, necessary and important, not only to ourselves and the public at large but also for those in distress at sea and for those whose merchandise is in peril, we have graciously granted Patronage and Protection.' It is suggested that Triewald's charter was significant because it represented one of the first attempts to deal administratively with problems which began at sea and which ended upon land, by the establishment of watchmen, beach bailiffs, divers and diving assistants. Triewald's charter therefore gives us some idea of the considerable administrative machinery necessary to coordinate such a diverse body of men and nations as is presently in the North Sea, even in the restricted area of the total medical care of the offshore population, which represents the scope of offshore medicine.
